Objective: To identify the types, frequency and impact of asthma triggers and the relationship to asthma control among adults with asthma in Europe. Methods: Adults with self-reported physician-diagnosed asthma receiving maintenance asthma treatment and self-reported exposure to known asthma triggers completed an online questionnaire; a subset completed a diary over 3-4 weeks. Information on asthma control (Asthma Control Testä [ACT]), asthma triggers, frequency of exposure and behaviours in response or to avoid asthma triggers and the perceived impact on daily life was captured. A post-hoc analysis evaluated the impact of high trigger burden on the frequency of severe asthma exacerbations, hospitalisations and days lost at work/study. Results: A total of 1202 adults participated and 177 completed the diary. Asthma was uncontrolled for the majority (76%) of participants and most (52%) reported exposure to 6-15 asthma triggers. As trigger burden increased, behavioural changes to manage trigger exposure had a significantly increased impact on daily life (p50.0001) and job choice (p ¼ 0.002). Participants reporting a high trigger burden (416) were more likely to report uncontrolled asthma than those with a low trigger burden (1-5). Participants with a high trigger burden had previously experienced on average two more severe asthma attacks during a lifetime (p50.001), two more hospitalisations (p50.001) and 3.5 more missed days at work or study in the last year due to their asthma (p50.001) than those with a low trigger burden. Conclusions: Adults with asthma reporting a high trigger burden (416 different triggers) experience more severe asthma attacks than those reporting lower trigger burdens.
Introduction
The ultimate aim of asthma treatment is to achieve and maintain clinical control. Asthma control is characterised by the management of symptoms and reduction of predicted future risk, particularly exacerbations [1] . Some asthma exacerbations can be caused by a range of risk factors and irritants, including exercise, allergens, pollutants and occupational exposures, viral infections, medications and other factors such as emotional stress or co-existing medical conditions [1, 2] . These risk factors can be collectively referred to as asthma 'triggers'.
Ongoing exposure to asthma triggers is often a factor in poorly controlled asthma [1, [3] [4] [5] [6] [7] . Asthma management guidelines and educational materials recommend that healthcare professionals educate patients to identify those triggers that worsen asthma symptoms and lead to loss of control, and take steps to avoid these triggers [1, [8] [9] [10] [11] . However, there is mixed evidence whether the monitoring and provision of advice, and discussion of environmental control strategies with asthma patients is adequate [12] or suboptimal [12, 13] . The reasons why education on trigger identification and avoidance may be suboptimal are unclear but may relate to a perception that little can be done about asthma triggers or that consultations focus on direct clinical management. Another potential reason could be a lack of understanding of what an individual patient considers to be a trigger and the total trigger burden for that patient. Therefore, there is a clear need to improve understanding of the types of triggers that affect asthma patients, how often triggers are encountered, and how the overall burden of asthma triggers impacts disease control.
The current epidemiological study was conducted to identify the types, frequency and impact of asthma triggers, and to investigate the relationship between asthma trigger burden (number and frequency) and asthma control among adults with asthma across five European countries.
among adults with asthma. The study was conducted in five European countries (France, Germany, Italy, Spain and the UK) between November and December 2010. Participants were recruited through a large consumer online panel. Members of the panel were sent an invitation to take part in the survey via an email containing a link to the online questionnaire. The questionnaire contained a series of screening questions and only eligible participants completed the main questionnaire (approximately 25 min in duration). A random subset of participants who completed the questionnaire and who reported that specific events or activities triggered a worsening of their asthma were then asked to complete an online diary at least every 2 d over 3-4 weeks.
Participants
Eligible participants were adults with a physician diagnosis of asthma (self-reported) and currently receiving maintenance asthma treatment and self-reported exposure to known asthma triggers. Eligibility was determined using a series of online screening questions and only those meeting the inclusion criteria proceeded to the online questionnaire. Patients were advised in the email invitation that accessing the online questionnaire provided their consent to partake in the study.
Online survey
The survey was developed based on qualitative research and expert opinion and was designed to describe and quantify common triggers for patients with asthma, understand and quantify coping behaviours in the presence of asthma triggers, and to understand and quantify how patients modify their lifestyles in response to triggers, and the impact this lifestyle modification has on their everyday quality of life. Participants were also asked about the frequency of severe asthma attacks, asthma worsening and use of reliever medication. Participants were then asked to indicate how well controlled they perceived their asthma to be on a scale of 0-10 (0 ¼ very poorly controlled and 10 ¼ completely controlled).
As part of the survey participants completed the Asthma Control Test (ACT) [14] . The previously defined cut-off score of 20 was used to identify participants as having well controlled (ACT score 20) or uncontrolled asthma (ACT score 520).
Asthma control was also evaluated in relation to the Global Initiative for Asthma (GINA) guidelines [1] . The GINA guidelines recommend evaluation of asthma control in relation to five characteristics: daytime symptoms, limitation of activities, nocturnal symptoms/awakenings, need for reliever/rescue medication and lung function. Participants were asked to report on the occurrence of day-and night-time asthma symptoms and the frequency with which these affected their planned activities as well as the frequency of rescue medication use in the previous week. Lung function data was not available so the remaining four characteristics were used as a proxy to define the level of asthma control as follows: (1) controlled: daytime symptoms no more than twice a week, no night-time symptoms, no limitation to activities in the previous four weeks and rescue medication use no more than once a week; (2) poorly controlled: daytime symptoms more than twice a week or night-time symptoms or limitation to activities in the previous four weeks or rescue medication use more than once a week; and (3) uncontrolled: three or more features of poorly controlled asthma.
Participants were presented with a list of 36 potential asthma triggers and asked to indicate which had ever resulted in a worsening of their asthma. The list of 36 potential asthma triggers was developed based on qualitative interviews conducted with patients with asthma.
The perceived impact of asthma on the daily lives of participants was derived from the question 'Overall, how much of an impact do you think asthma has had on your life and the things you are able to do?'. Participants were asked to respond on a Likert-type scale of 1 (very mild) to 10 (very severe).
Participant diary
The diary was developed based on qualitative research. The purpose of the diary was to understand the impact of asthma triggers over a period of time. A random subset of participants were recruited after completing the main online survey. At the end of the survey participants were asked if they wanted to take part in the diary part of the research and an additional online link was then sent to them. Participants were asked to complete online diaries every other day for three weeks. The diaries specifically elicited information on daily exposure to asthma triggers, the impact of exposure to asthma triggers on asthma symptoms, coping strategies and behaviours in relation to exposure to asthma triggers, as well as the impact of these strategies and behaviours on work and home activities.
Statistical analysis
To investigate the relationship between asthma trigger burden (number and frequency) and asthma control an asthma trigger frequency index (ranging from 0 to 1) was calculated using the annual self-reported trigger exposure for all asthma triggers for each individual participant. A cut off of 0.5 was used to stratify patients into high trigger frequency 40.5 and low trigger frequency (0.5). Participants were also stratified according to the level of asthma control (ACT or GINA) and their self-reported asthma trigger burden (number of triggers identified by the patient as causing asthma symptoms): very low (1-5), low (6-10), medium (11) (12) (13) (14) (15) and high (16) . Statistically significant differences between groups in relation to trigger burden, level of asthma control and behavioural changes in relation to asthma triggers were determined using Chi-square testing and analysis of variance (Kruskal-Wallis).
Descriptive statistics and multivariate regression analyses are presented on risk factors associated with differences in the mean number of severe attacks in a lifetime, the annual number of times individuals reported hospitalisation in the last year and the annual number of days missed at work or study in the last year due to asthma.
A post hoc, investigational regression analysis was also undertaken in order to examine the impact of a variety of potential covariates on socioeconomic outcomes (Poisson regression), impact of daily life and activities (linear regression) and the number of behavioural changes patients made in order to manage their exposure to known asthma triggers (logistic regression). The following covariates of interest were included in all analyses:
Trigger burden: very low (reference), low, medium, high 
Results
A total of 1202 adults with asthma were considered eligible to participate in this study and completed the online survey ( Table 1) . Of these, 177 also completed the online diary and provided data on a total of 1947 d.
Asthma control
Asthma was not well controlled for the majority of the 1202 participants. Most (85%) reported experiencing daytime symptoms and 79% reported experiencing night-time symptoms at least once in the past 7 d. In all, 53% of participants indicated that they experienced a worsening of their asthma symptoms at least once a week. The majority of participants (76%) were classed as uncontrolled using the ACT score, while 92% of participants were described as partly controlled or uncontrolled according to the GINA guidelines.
Incidence and frequency of asthma triggers
The number of self-reported asthma triggers varied considerably between participants, ranging from 1 to 5 (13% of participants) to 16 (35%); 52% of participants reported exposure to between 6 and 15 triggers. The most common asthma triggers as reported by participants were dust or dusting (72%), colds, flu, infections or sinusitis (69%), coughing (68%), tobacco smoking (60%) and smog or air pollution (58%) ( Table 2) .
Dust and dusting were the most commonly reported triggers and the most frequently experienced ( Table 2) . Colds/flu were commonly reported asthma triggers but were experienced less frequently during the year.
A high asthma trigger burden was associated with a lack of asthma control, as measured by patient-reported control (5.4 for patients with very low and low trigger burdens, 5.8 for patients with medium trigger burden, and 6.5 for patients with high trigger burden) or using the ACT score ( Figure 1 ). Patients whose asthma was not well controlled (ACT score) made more behavioural modifications than those with controlled asthma. There were statistically significant differences between control groups in terms of the amount and type of housework undertaken, the amount of exercise taken and the choice to remain indoors due to weather conditions (p50.05 across groups; Chi-square test) ( Figure 2 ).
An analysis of the number of triggers to which participants reported being exposed to did not necessarily correspond to the frequency of asthma worsening, with a minority of participants (9%) experiencing few asthma triggers but frequent asthma worsening ( Figure 1 ).
Burden of asthma triggers
The majority of participants (99%) believed that exposure to known asthma triggers would have a long-term effect on their asthma. One in five participants reported that they made no modifications to their behaviour in response to known asthma triggers until prompted to do so by worsening asthma symptoms.
Participants were asked to rate the severity of asthma worsening in relation to the most commonly reported asthma triggers; all scored 6 or above on a scale of 0 (very mild) to 10 (very severe). The perceived severity of asthma worsening increased as the number of triggers experienced increased.
As the number of known asthma triggers increased, participants reported statistically significantly more severe asthma attacks during their lifetime, more hospitalisations in the previous year, more days missed at work or study in the last year and more symptomatic days and nights per week (Table 3) .
A number of covariates were associated with an increase in the socioeconomic burden of asthma (Table 4 ). Any increase in the level of known asthma triggers above ''very low'' was positively associated with a statistically significant increase in a Proxy measure for GINA definition: daytime symptoms experienced more than twice a week, night-time symptoms, had to limit activities in the last four weeks, had to use rescue medication more than once a week. mean number of severe attacks in a lifetime (p 0.01), the number of times individuals were hospitalised in the last year (p50.001) and the number of days missed at work or study in the last year (p50.001) due to asthma. Female gender was associated with an increased number of severe attacks (p50.001), hospitalisation (p50.001) and missing work (p50.001) compared to male gender. Older age (431 years) was associated with an increased likelihood of hospitalisations and days lost to work or study in the previous year compared with age 530 years. Moderate or severe asthma severity (physician informed and reported by patient) was associated with increased rates of all the three above outcomes (p50.001). Patients who reported they had severe asthma had three times the mean number of hospitalisations and four times more days off work than patients who reported they had mild asthma. Participants reporting a high number of known asthma triggers (16) reported that their asthma had a significantly greater impact on their overall daily life and job choice compared with those reporting very few, low or medium number of triggers. For overall daily life, asthma impact score was 5.9 compared with 4.5, 4.7 and 5.3, respectively (p50.0001 across groups; Kruskal-Wallis test). For job choice, asthma symptom score was 5.2 compared with 3.9, 3.9 and 4.2, respectively (p ¼ 0.002 across groups; Kruskal-Wallis test). Linear regression analyses indicated that participants reporting a medium or high asthma trigger burden were significantly more likely to report an adverse impact on their overall daily life, as were participants in Italy (versus those in Germany; asthma impact score 0.61 points higher, p50.001), females (versus males; 0.42 points lower, p50.001) and those with moderate or severe asthma (versus mild; asthma impact score 1.33 and 2.36 points, respectively, p50.001 for both).
Behavioural changes in response to asthma trigger
Participants who reported that their asthma had impacted their daily life over the previous four weeks also reported making considerable behaviour changes to manage their asthma symptoms, the frequency of which increased as the number of triggers to which participants were exposed increased. The proportion of patients making any behaviour changes ranged from 67% for those with very few triggers to 89% for those with a high trigger burden (p50.001 across groups; Chisquare test). A logistic regression analysis showed a significant positive association between the trigger burden and the number of times behavioural changes were made in order to manage exposure to known asthma triggers in the previous four weeks. The higher the burden, the greater the number of Figure 2 . Asthma control (ACT score) and behavioural changes. This figure depicts the frequency with which participants stratified according to asthma control (ACT score) reported making behavioural changes to avoid or minimise exposure to known asthma triggers. changes, with high trigger patients being 10 times more likely to change behaviour up to five times in a week than those with very low number of triggers. No consistent pattern was observed for the other covariates examined.
Discussion
The aim of this large-scale epidemiological questionnaire and diary-based study conducted among adults with asthma across five European countries was to identify the types, frequency and impact of asthma triggers, and to investigate the relationship between trigger burden and asthma control. The majority of participants in the study had uncontrolled asthma and reported 6-15 known asthma triggers. Dust and dusting, colds/flu, sinusitis and coughing were the most common known asthma triggers with dust and dusting, smoking and exercise being the most frequently experienced triggers. An increase in trigger burden was associated with an increased likelihood of uncontrolled asthma, previous severe asthma attacks during a lifetime, more hospitalisations, more missed days at work/study, and behavioural changes to manage trigger exposure.
The number of known asthma triggers reported by participants in this survey varied considerably from just one to more than 16. Many of these triggers have been reported in asthma guidelines [1] , by a systematic literature review [2] and documented in the literature [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] , but the identification of such triggers has typically been through studies focusing on single triggers, not through population-based approaches. However, studies that more fully characterise the wide range of triggers experienced by individual asthma patients, and how frequently they are encountered, have been limited. One such approach was the development of the Asthma Trigger Inventory, a questionnaire designed to measure the main categories of triggers self-reported by asthma patients, with a specific focus on psychosocial triggers [15, 25, 26] . The most common categories of triggers were climate, physical and air pollution (experienced by 450% of patients), followed by infection, house dust, animal allergy, pollen allergy and psychology (420 to550% of patients), then respiration, food, sleep, alcohol, mould and medication (all 520% of patients) [15] . With the exception of mould, which was a much more common trigger in the present survey than in the Asthma Trigger Inventory (51% versus 2%), the frequency of triggers common to both datasets were broadly similar.
Some of the triggers perceived by participants in this survey are not considered to be classic asthma triggers, for example coughing, strong odours and lying flat. Although coughing was the third most common trigger (reported by 68% of participants), it is a well-established symptom of asthma and is not listed as an asthma trigger by the GINA guidelines [1] . There is literature to suggest that cough can be a precursor to an asthma exacerbation [27] , but this association could be secondary to the worsening of asthma via another trigger (leading to more symptoms, including coughing), rather than coughing being a true trigger. There is also some debate whether strong odours can lead to asthma exacerbations. Strong smells are not listed as an asthma risk factor by GINA [1] , but a small-scale study showed that perfume can cause exacerbations and airway obstruction, particularly in patients with severe asthma [28] . There are clearly discrepancies between what patients consider to be triggers and what physicians and guidelines class as triggers. Possible explanations for such discrepancies include the lack of a standardised definition of the term 'asthma trigger' [2] , a lack of distinction between a trigger and an irritant, and documented gaps between patient perception and probable actual role of a trigger [22, 29, 30] . Irritants can make the patient feel worse but may not necessarily lead to an exacerbation, while triggers are often thought to cause exacerbations. The present research suggests that patients do not discriminate between an irritant and a trigger and they will categorise any factor that increases symptoms, leads to loss of control, or causes an exacerbation as an asthma trigger. This has important implications for how healthcare professionals listen to and communicate with their patients, and emphasises the need for healthcare professionals to seriously consider all complaints about triggers, irrespective of whether they are real or perceived.
The frequency with which participants reported exposure to triggers varied considerably in this survey, with selfreported exposures ranging from every few months to every few days. These findings are important as there is little information in the literature about how frequently specific asthma triggers are encountered, and they help to characterise the full extent of trigger burden experienced by patients. Although the authors are not aware of comparable reports that assessed the frequency of exposure to a wide range of triggers, those triggers that were experienced most commonly by patients concord with other investigations that aimed to identify common trigger types [2, 15] . Those triggers experienced by patients for 8 weeks of the year (see Table 2 ) generally fall into the most important trigger categories reported by a systematic literature review (allergic, physical, environmental) [2] or during the development of the Asthma Trigger Inventory (climate, physical, air pollution, infection, house dust, animal allergy) [15] . The key exception was coughing, which was not reported as a trigger in either the systematic literature review [2] or Asthma Trigger Inventory [15] .
Frequent exposure to a large number of triggers can worsen symptoms, cause exacerbations and lead to loss of asthma control [1, [3] [4] [5] [6] [7] , therefore reducing a patient's exposure to triggers forms part of the overall recommended therapeutic approach to asthma management [1] . However, the relationship between trigger burden and asthma control has not been well documented extensively in the literature. In the present study, a higher trigger burden was associated with more severe attacks in a lifetime, more hospitalisations in the last year, more days absent from work/study in the last year, and larger proportions of patients with uncontrolled asthma, as defined using the ACT (see Table 3 and Figure 1 ). These findings align with those of a previous study in which patients were asked at the time of hospitalisation for an exacerbation what their usual triggers were and what trigger they felt caused their exacerbation [31] . These patients reported a high trigger burden (mean of 12 triggers) and there were statistically significant correlations between more triggers and more exacerbations, worse quality of life, more hospitalisation due to asthma, and oral corticosteroid use. These collective findings strongly suggest that a greater trigger burden leads to adverse asthma outcomes and worse asthma control, and highlights the importance of patient education to eliminate or mitigate trigger exposure [1] .
Asthma guidelines and authoritative groups recommend patients with asthma work to identify triggers that worsen their symptoms and try to reduce exposure to those triggers with the aim of improving asthma control and reducing medication needs [1, 8, 10, 11] . However, it is recognised that a response to triggers is a marker of poorly controlled disease, therefore trigger avoidance should not be used in isolation but rather as part of the holistic approach required to improve disease control overall. In the current study the majority of participants did not report any behavioural avoidance strategies for known environmental triggers, while some did but only after being prompted to do so by worsening asthma symptoms. Further, there was no apparent consistent approach to how patients managed trigger exposure and a wide range of behavioural strategies were reported. Patient education of trigger avoidance and advice on trigger management strategies appear to be logical steps to reduce the impact of triggers, but there are conflicting reports whether these steps are routinely taken [12, 13] . Tools for use in the primary care setting that aim to capture specific information on trigger exposure and other reasons for poor asthma control, such as the Asthma APGAR [32] and the Active Life with Asthma tool [33] , may help to improve the dialogue between healthcare professionals and patients with respect to triggers. Nonetheless, although some asthma patients do make temporary or permanent lifestyle changes to manage trigger exposure [34] , literature reviews [2, 35] and task force recommendations [36] have not yielded consistent and conclusive evidence that interventions and trigger avoidance strategies improve symptoms, reduce exacerbations, and increase quality of life and productivity, at least in adults.
Although better understanding and identification of asthma triggers, more consistent provision of advice on asthma triggers, and the development of more effective trigger avoidance strategies appear to be needed, it should also be considered whether overall asthma control can be improved to the point where the avoidance of triggers is not necessary. This study had strengths and limitations. The strengths of the study lie in the relatively large cohort of adults with asthma who took part (n ¼ 1202) and in the validity of the ACT scale as a measure of asthma control both as a written and, as used in the current study, as an online questionnaire [37] . The assessment of asthma control based on the GINA classification is a further benefit. The knowledge gained from the comprehensive characterisation of asthma triggers in this survey can be applied to broader epidemiological assessments of asthma triggers. The results should be considered within the limitations expected of the survey nature of the study design. The results apply to a large population of asthma patients from five European countries who were currently receiving maintenance treatment and who self-reported exposure to known asthma triggers; however, generalising the findings to other populations of asthma patients is not without its limitations. Furthermore, patient assessment of asthma control and trigger burden were based on self reporting with recall periods of up to one year. Finally, verification of self-reported asthma worsening or healthcare service utilisation was beyond the scope of the current study.
Conclusions
The results of the current study support those of previous surveys that suggest asthma control among adults in Europe is suboptimal. Individuals with asthma identify a wide range of environmental and behavioural triggers and often employ avoidance strategies or behavioural changes to manage their exposure. These behavioural changes often have a significant impact on daily life, social life and employment performance and choices. Individuals who perceive that their asthma is worsened on exposure to multiple triggers may be at particular risk for poorly controlled asthma. Physicians should seek to routinely assess the trigger burden for individual patients and offer education and support to enable individuals to manage their exposure while minimising the effect of behavioural changes on their daily lives.
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